ABSTRACT Saponification of xanthophyll esters in various feed sources has been shown to improve pigmentation efficiency in broiler skin and egg yolks. Three trials were conducted to evaluate a rapid liquid chromatography procedure for estimating the relative degree of xanthophyll saponification using samples of yellow corn, corn gluten meal, alfalfa, and 6 commercially available marigold meal concentrates. In each trial, samples were extracted using a modification of the 1984 Association of Official Analytical Chemists hot saponification procedure with and without the addition of KOH. A comparison of the chromatography results was used to estimate percent
INTRODUCTION
Numerous factors have been identified that affect broiler skin and egg yolk pigmentation. Factors such as xanthophyll source, xanthophyll concentration, type of bird, storage of feed, age of feedstuffs, and disease condition of the bird have been extensively reviewed (Marusich and Bauernfeind, 1981; Fletcher, 1989) . The chemical structure, nomenclature, and biochemistry of the carotenoids as a general class of compounds are extensively reviewed in the works by Bauernfeind (1981) and Goodwin (1980 Goodwin ( , 1984 .
The influence of the chemical state of the xanthophylls, bound or esterified, in the native state as opposed to being nonbound, or free, in various products has received little attention, except concerning extraction procedure (Quackenbush and Miller, 1972 ) and a few contradictory reports concerning egg yolk pigmentation. Coon and Couch (1976) reported that saponification of marigold meal could increase biological availability approximately 30% in laying hens. Philip et al. (1976) reported that lutein fatty acid esters were better utilized by laying hens than was crystalline lutein. Papa et al. (1985) reported that saponification had no effect on egg yolk color. Lai et al. 1 Corresponding author: fletcher@uga.edu 866 saponification of the original sample by dividing the nonsaponified extraction values by the saponified extraction values. A comparison of the percent saponified xanthophylls for each product (mg/kg) was: yellow corn, 101; corn gluten meal, 78; alfalfa, 97.9; and marigold concentrates A through F, 99.8, 4.6, 99.0, 95.6, 96.8, and 6.6 , respectively. These results indicate that a modification of the 1984 Association of Official Analytical Chemists procedure and liquid column chromatography can be used to quickly verify saponification and can be used to estimate the relative degree of saponification of an unknown xanthophyll source. (1996) reported that saponification of paprika did not affect the color of egg yolks compared with a nonsaponified paprika oleoresin. Galobart et al. (2004) reported that saponification of both marigold and paprika extracts improved pigmenting efficiency.
Little research has been reported on the effects of ester vs. free form of xanthophyll on broiler skin pigmentation. However, the poultry industry prefers the use of saponified marigold products based on their judgment of superior performance. Using oral intubation and blood serum analyses, Middendorf et al. (1980) concluded that saponification of marigold meal had no significant effect on serum xanthophyll availability. Fletcher et al. (1986) directly compared saponified and nonsaponified marigold extracts using both white and yellow corn basal diets with broilers. The results clearly indicated that saponification of the marigold extract concentrate resulted in a significant improvement in broiler skin color.
The Association of Official Analytical Chemists (AOAC International, 2000) extraction procedure, using either the cold (overnight) or hot saponification procedure, could not be expected to differentiate products that might or might not have been subjected to saponification. The traditional method commonly used in the poultry industry to determine whether a product was saponified is a thin layer chromatography procedure distributed by commercial sources. The procedure involves the spotting of silica gel G plates with a xanthophyll extract dissolved in hexane (AOAC extraction) and developing the plate in a hexane:acetone (70:30) solution. The more polar xanthophyll esters develop more rapidly, and the less polar, free xanthophylls develop more slowly. By comparing the relative migration of the more polar xanthophyll esters, one can observe the intensity of spots to qualitatively determine whether the product has indeed been saponified. Quantification depends on scraping the plates, resuspending the xanthophylls, and subjecting them to traditional column or HPLC techniques. In addition, free xanthophylls result in 2 spots, representing a mixture of free monohydroxy xanthophylls and mixed xanthophyll diesters.
During the earlier research reported by Fletcher et al. (1986) , several methods were used to qualitatively estimate whether marigold concentrates had been saponified during production. These methods used both the thin layer chromatography procedure and a liquid column chromatography procedure, both of which are relatively simple, rapid, and give a visual confirmation of the relative degree of saponification. The purpose of this project was to evaluate a modification of the AOAC Official Method 970.64, carotenes and xanthophylls in dried plant materials and mixed feeds (AOAC International, 2000) by comparing chromatographic results of various feedstuffs with and without saponification during sample preparation. Emphasis was placed on quantitatively comparing the results to determine the degree to which the xanthophylls in a given source are free or esterified, primarily to evaluate if marigold products were indeed saponified during processing or if saponified and nonsaponified products might have been blended.
MATERIALS AND METHODS
Yellow corn, corn gluten meal, and alfalfa were obtained from commercial feed sources. Six different commercial marigold products, identified A through F, were obtained either directly from the manufacturer or were obtained from commercial feed mills. All samples were placed in plastic bags and stored at −20°C in the dark prior to analysis.
Carotenoids [both carotenes (CAR) and xanthophylls] were extracted using the AOAC hot saponification procedure (AOAC International, 2000) . As recommended in the procedure, the size of the sample was based on estimated total xanthophyll (TX) content, and the addition of water during extraction was based on the moisture content of the sample. To determine the optimum sample size, each product was subjected to a preliminary AOAC extraction and chromatography.
A second set of extractions was conducted, identical to those previously described, except for the deletion of KOH. Depending on the product being extracted, either 2 or 4 mL of methanol was added in place of the 2 or 4 mL of 40% methanolic KOH. The samples were then held at 56°C for 1 h in the dark prior to chromatography.
Total CAR, monohydroxy pigments (MHP), dihydroxy pigments (DHP), residual pigments (RP), and TX (MHP + DHP + RP) were also determined as described by the AOAC International procedure (2000) using adsorbent 1 (silica gel G and diatomaceous earth, 1:1) and eluting the fractions as follows: CAR with hexane:acetone at 96:4; MHP with hexane:acetone at 90:10; DHP with hexane:acetone at 80:20; and RP with hexane:acetone:methanol at 80:10:10. The RP eluent is part of the AOAC TX procedure using adsorbent II, but was used in this case to recover the slow-eluting xanthophylls that would otherwise remain on the column using adsorbent I; this is why the RP fraction in used in the calculation for TX. The highly polar polyoxy pigments were retained on the column. To reduce the influence of moisture affecting the elutions, adsorbent I was dried at 100°C for 20 min and held in a desiccator prior to column packing and immediate use.
During initial test trials (in which the sample sizes were also estimated), it was found that excessive amounts of fraction "bleeding" were observed for some of the nonsaponified extracts. Apparently, the xanthophyll esters or nonsaponified species are not homogenous and do not elute in a clean manner. To help reduce this problem, greater eluent volumes were used for both the saponified and nonsaponified extracts than recommended in the AOAC procedure. It was found during these initial trials that 30 mL of CAR, 80 mL of MHP, 50 mL of DHP, and 75 mL of RP eluents brought to total volumes of 100 mL prior to spectrophotometer readings were most reproducible. The absorbance for the CAR fraction was determined at 436 nm, and for the MHP, DHP, and RP fractions, absorbance was determined at 474 nm, immediately following elution and bringing to standard volume.
Duplicate columns were run on each extraction and averaged. The entire experiment, extraction through chromatography, was replicated 3 times. Data were summarized using the means procedures in the SAS/STAT software program (SAS Institute, 1988) .
RESULTS AND DISCUSSION
The results for the preliminary tests for the 9 different xanthophyll feedstuffs and concentrates resulted in the following samples sizes: yellow corn, 4.00 g; corn gluten meal and alfalfa, 2.50 g; marigold concentrate A, 0.20 g; marigold concentrate D, 0.10 g; and marigold concentrates B, C, E, and F, 0.05 g. As per the AOAC procedure, 1 mL of water was added to all samples except for the yellow corn.
The fractionation results for CAR, MHP, DHP, RP, TX, and total carotenoids are presented in Table 1 . The values for the saponified extraction of all products were similar to those obtained in a previous study (Fletcher et al., 1986) . Total xanthophyll ranged from 15 mg/kg for the yellow corn up to 43,237 mg/kg for 2 of the marigold concentrates. Saponification had little effect on the fraction profiles except for marigold products B and F. In the nonsaponified samples, the esterified xanthophylls eluted with the less polar CAR and MHP fractions as previously described by Quackenbush (1973) . However, following saponification, the free, more-polar xanthophylls eluted primarily with the DHP fraction. Table 1 . Mean results of 3 experimental trials for the saponified (Sap) and nonsaponified (Nonsap) extractions for total carotene (CAR), monohydroxy (MHP), dihydroxy (DHP), residual pigment (RP), total xanthophyll (TX = MHP + DHP + RP), and total carotenoids (total = CAR + TX) of the 3 xanthophyll-containing feedstuffs (yellow corn, corn gluten meal, and alfalfa) and the 6 marigold concentrates, A through F The results for the CAR, MHP, DHP, RP, and TX are reported as a percentage of total carotenoids (TX + CAR) in Table 2 . The differences between the saponified and nonsaponified fractions for marigold products B and F, noted previously, are better illustrated as a percentage of the total eluted pigments. In both marigold B and F, the nonsaponified treatment resulted in a 95.5 and 93.5% CAR fraction and a 1.3 and 1.0% DHP fraction, respectively. However, following saponification, the CAR fractions were 2.1 and 1.0%, and the DHP fractions were 94.4 and 94.1%, respectively. This pattern was also reflected in the TX fractions. Table 2 . Percentage of total carotene (CAR), monohydroxy pigment (MHP), dihydroxy pigment (DHP), residual pigment (RP), and total xanthophyll (TX) as a percentage of total carotenoid content for the saponified (Sap) and nonsaponified (Nonsap) extracts of the 3 xanthophyll-containing feedstuffs (yellow corn, corn gluten meal, and alfalfa) and the 6 marigold concentrates, A through F Percent saponification was determined by dividing the nonsaponified extraction TX by the saponified extraction TX for both the absolute and percentage values (Table 3) . Because the addition of KOH during the hot saponification procedure resulted in differences in total extracted pigments, the percent extraction was determined by dividing the total carotenoids from the saponified extraction by the total carotenoids from the nonsaponified extraction; this is also presented in Table 3 .
The results indicate that substantial differences exist among the 9 products as to their response to saponification during extraction of the carotenoids. Yellow corn Table 3 . Percentage of saponification calculated as total xanthophyll (TX) and percentage of total xanthophyll (%TX) of total carotenoids extracted and percentage of extraction of saponified extraction of nonsaponified extraction of the 3 xanthophyll-containing feedstuffs (yellow corn, corn gluten meal, and alfalfa) and the 6 marigold concentrates, A through F and corn gluten meal resulted in similar chromatography profiles for both extraction treatments. The similarity in results between the 2 treatments indicates that the extractable carotenoids are predominately free and saponification during extraction has little effect. These results are similar to those reported by Quackenbush (1973) .
The results for the alfalfa sample are interesting. Apparently, the severity of the hot saponification procedure was sufficient to cause a reduction in total carotenoids from 178 to 62 mg/kg (Table 1 ) and a reduction in extraction efficiency to 35% (Table 3 ). This may reflect the unstable nature of carotenoids in alfalfa and would explain why alfalfa xanthophyll analyses are highly variable and alfalfa generally is regarded as having poor carotenoid stability during storage (Middendorf et al., 1980; Fletcher, 1989) . Because the xanthophylls in alfalfa appear to be more labile to hot KOH than the other samples tested, the percent extraction [saponified total carotenoids (mg/ g) ÷ nonsaponified total carotenoids (mg/g) × 100] can also represent the severity of the saponification process on extraction efficiency. Thus, the greater the difference in TX content between the nonsaponified and the saponified samples, the greater the negative effect of the KOH on that sample.
Results for marigold products A through F ranged from lows of 5.7 and 8.1% saponification up to 100%. Because only one of the products tested was known to be nonsaponified prior to the experiment, it was surprising to find 2 products with such low relative saponification values.
It should be pointed out that the hot saponification extraction (as opposed to the cold overnight extraction) was initially developed for products such as marigold meals that have high native esterified xanthophyll levels (Quackenbush and Miller, 1972) . These results also have impact on the use of high performance liquid chromatography relative to the preparation of the sample (saponification of the sample) prior to elution.
